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Abstract 
The purpose of this study is to determine the cost model associated with surgical referrals of a level one surgical department in a 
large city for two large departments namely orthopedic and Podiatry, and to analyze the feasibility of increased capability 
specifically in these two departments within the referral area to minimize travel time and cost for the patients and the provider. 
Patient data was obtained and used to determine origin and the distances patients had to travel to reach the hospital with surgical 
capability. The out of town patients are considered referred patients and they were clustered into five clusters based on average 
distances (weighted) from their hometown to the hospital. It is the purpose of this project to determine the cost associated with 
surgical referrals to the surgical department for the two procedures and to examine the alternative for a location(s) to maximize 
access for the patients and minimize cost to the provider. 
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1. Introduction 
The geographic area under consideration includes New Mexico and West Texas which is mainly served by the 
surgical department located in Albuquerque New Mexico.  The focus of this study is on the surgical referrals to this 
facility from three main areas including West Texas, North Albuquerque and South Albuquerque.  
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Fig. 1. The five clusters formed in the geographic area under consideration. 
Patients who live in Southern or Northern New Mexico and West Texas who require non-emergency surgery are 
referred to the Albuquerque Medical Center surgical department. Rural patient requiring emergency surgeries are 
referred to the nearest clinic or hospital with surgical capability.  The referral patients who are scheduled for surgery 
will also have pre and post-surgery visits to the Albuquerque Medical Center.  Considering the volume of referral 
patients for these departments and the cost associated with the referrals, it may be feasible to build additional clinics 
or Medical Centers with pre or post and/or surgical capability in areas such as West Texas or other locations in New 
Mexico. The initial focus is on developing rural facilities to pre and post-surgical needs of the patients using 
physician assistants or surgical nurses if possible. 
In this study, patients, and the cities they come from, are clustered based on the distance they travel to reach 
Albuquerque. The number of partitions was arbitrarily chosen to be five. The means for these partitions are shown in 
Table 1 and they are depicted with their respective colors in Figure 1. The clusters will be used to create patients 
from this region for simulation purposes. 
Figure 1 shows the five clusters formed in the region of New Mexico and West Texas served by the medical 
center and their radial configuration as we move away from Albuquerque. The average hourly arrival rate for each 
cluster used to simulate the arrival of patients from each zone in the geographic region under consideration is shown 
in Table 2. 
Table 1. The five clusters and their average distance to the medical center. 
Cluster Average one way Distance to ALBQ in miles Color Code 
FCL1 612 Red 
CL2 883 Green 
CL3 415 Blue 
CL4 193 Yellow 
CL5 25 Orange 
Table 2. Average hourly arrival rates of patients for each cluster. 
Cluster # Arrival Rate 
Cluster 1 0.021759 
Cluster 2 0.00370371 
Cluster 3 0.20885417 
Cluster 4 0.902835648 
Cluster 5 3.23119213 
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Fig. 2. Patients’ allocation to either Albuquerque or Amarillo. 
2. Methodology 
In this study we investigated the concept of placing new service centers closer to the patients who live in the rural 
area which in turn would reduce the miles travelled and consequently the cost for to the provider and the patients. 
The location of a new service center based on the identified constraints such as demographics of the region and the 
demand for the services along with the provider’s ability to hire and station a physician or a physician’s assistant in 
the new location is determined. Various Scenarios could be explored in terms of the number of service centers and 
evaluated based on the demand, population and the size of the community and the availability of resources such as 
physicians and professional healthcare staff.  
To test the hypothesis, Amarillo is picked as a location for the second clinic based on the size of the medical 
facility and the patient demand. The current status of treating the patients in Albuquerque is referred to as the base 
scenario and the placement of a second clinic in Amarillo will be referred to as the alternate scenario. 
In the alternate Scenario, the existence of an additional Physician Assistant that can handle podiatry procedures 
stationed in Amarillo Texas is assumed. Hence, patients who seek podiatry procedures will now have an alternative 
choice of destination when seeking treatment for podiatry. It is assumed that patients will travel to the closest 
location for treatment; meaning that patients who are closer to Albuquerque will go to Albuquerque and patients who 
are closer to Amarillo will go to Amarillo at least for their pre and post-surgical needs. The total number of patients’ 
arrivals or the total number of patients who are seen by a healthcare professional will remain the same, however, 
their destination is now subject to change, and hence, the average miles traveled. SAS 9.4 was used to allocate the 
entire patients’ population either to Albuquerque or Amarillo as shown in Figure 2.  
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2.1. Base scenario 
In this scenario, five clusters for the patients travelling to Albuquerque was considered. Patients were also divided 
into two separate categories based on the purpose of their visits to the medical facility. The two categories include 1) 
Patients who were reimbursed for travel to do a procedure (Procedure); and 2) Patient who were reimbursed when 
admitted for a surgery (Admit Patients). Assuming that a day of driving consist of travelling 400 miles to destination 
and the provider pays a mileage reimbursement of around $0.415 per mile, and that all patient travel to seek care will 
drive, the total cost to the provider paying mileage reimbursement to patients only and the cost to the patients who 
pay for their mileage, meals, and lodging is calculated based on the following costs: 
 
Mileage – $0.415/miles 
Lodging - $83/night 
Travelling 401-799 (1 night of lodging) 
Traveling 800-1199 (2 nights of lodging) 
Travelling 1200-1599 (3 nights of lodging) 
Meals - $46/day  
 
The simulation model generates patient arrivals for each cluster based on the arrival rate distribution for each 
cluster independently. The reimbursement for the fully reimbursed patients was calculated as the average number of 
miles a patient travels from a given cluster multiplied by 2 to account for the round trip and finally multiplied by the 
reimbursement rate which is $0.415 per mile. The total number of patients for each type of patients used in the 
model is shown in Table 3. 
Table 3. Number of Unique patients and claims for each type of patient. 
  Admit Procedure 
Total Observations 1021 76621 
Total Observations 
after clustering 1003 75619 
Unique Patients 898 13732 
Travel Claims 898 13732 
 
The travel cost to the provider which is basically the reimbursements made to the patients for travel miles to 
Albuquerque is shown in Table 4. Considering that over $8 million is paid out as reimbursement for travel, 
additional capacity offsite or in a closer location to majority of rural patients may be warranted in order to minimize.  
Table 4. Cost to the provider in the original scenario. 
  Admits Procedures Total 
 Miles Reimbursed by 
Provider 886,203 19,034,828 19,921,031 
 Miles not Reimbursed by 
Provider 0 34,009,960 34,009,960 
Total Cost Provider $367,773  $7,899,454  $8,267,228  
 
The travel cost to the patients is also calculated and shown in Table 5 which includes mileage, meals, and lodging 
and totals over $30 million which could be significantly reduced by establishing a rural site for these departments.  
Table 5. Cost to the patients in the original scenario. 
Cost of Mileage to Patients 0 $14,114,133  $14,114,133  
Cost of Lodging & Per Diem to Patients $242,650  $16,536,814  $16,779,465  
Total Cost To Patients $242,650  $30,650,947  $30,893,598  
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2.2. Alternative scenario 
For the alternative scenario, we formed five clusters around Albuquerque and five clusters around Amarillo. To 
determine the new average miles travelled, the 10 local clusters had to be constructed; each of them absorbing a 
certain percentage of an original cluster. The clusters around Albuquerque will generate patients who are closer to 
Albuquerque and respectively, the clusters around Amarillo are closer to Amarillo. The reduction in distances 
travelled by these patients will translate into savings to both the provider and patients. Only Podiatry patients are 
considered in this scenario since almost all of the orthopedic patients will have to travel to Albuquerque for surgery. 
The number of unique patients for each category of patients considered is summarized in Table 6. 
Table 6. Number of Unique patients and claims for each location. 
  Albuquerque Amarillo 
Admit $3,155  $0  
Procedure Podiatry $113,903  $18,370  
Procedure Ortho $122,126  $0  
 
The objective of the simulation was to determine if a location in Amarillo could be sustained by only performing 
podiatry procedures and to determine the amount of savings to the provider and patients. The patients allocated to 
Amarillo were divided into 5 local clusters as shown in Figure 3 and similarly the patients allocated to Albuquerque 
are shown in Figure 4. 
 
Fig. 3. Patients allocated to Amarillo in the alternative scenario. 
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Fig. 4. Patients allocated to Albuquerque in the alternative scenario. 
Table 7 shows the results of the cost calculations from the simulation for the alternative scenario. The number of 
miles which were reimbursed by the provider decreased from 886,203 miles to 459,677 miles.  This reduction is 
directly as a result of podiatry patients travelling to the clinic in Amarillo instead of Albuquerque for the pre and 
post-surgical visits.  
Table 7. Cost to the provider considering the alternative scenario. 
  Admits Procedures Total 
 Miles Reimbursed by Provider 459,677 16,996,661 17,456,339 
 Miles not Reimbursed by Provider 0 30,094,947 30,094,947 
Total Cost to the Provider $190,766  $7,053,615  $7,244,381  
 
The cost associated with this alternate scenario to the patient is shown in Table 8. The overall cost is calculated to 
include travel mileage, per diem, and lodging costs. The number of miles travelled by the patients decreased from 
34,009,960 to 30,094,947 for the alternative scenario. 
Table 8. Cost to the patient considering the alternative scenario. 
  Admits Procedures Total 
Cost of Mileage to Veterans $0  $12,489,403  $12,489,403  
Cost of Lodging & Per Diem to Veterans $246,140  $14,531,569  $14,777,709  
Total Cost To Veterans $246,140  $27,020,972  $27,267,112  
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3. Conclusion 
By comparing the cost associated with the base scenario and the alternate scenario the cost savings to the provider 
and the patients are summarized as shown in Table 15. The cost savings to the provider by providing a rural facility 
with a physician assistant to just take care of pre and post-surgical needs of the podiatry patients will generate a 
savings of over a $1 million and a savings of over $3.5 million to the patients in travel costs. The cost savings shown 
could support the infrastructure and staffing cost of a rural clinic without considering the savings to the patients and 
the improved access to the medical resources needed. 
Table 15. Summary of cost savings. 
Total Cost Savings to the Provider in Travel 
reimbursement $1,022,847  
Total Out-of-Pocket Savings to the Patients $3,626,486  
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